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© The subject matter of the invention is a 

method for producing a foamed article of a polypropylene resin. Said method comprises steps of: 

providing a pair of male and female molds (3,4) which are slidably moved at an engaged part (5) and in 

which a cavity clearance (t) is freely set, 

starting supply of a melt of a polypropylene resin (8) containing a chemical blowing agent through a resin 

melt conduit (7) which is provided in one of said male and female mold when said cavity clearance (t) is 1 .0 mm 

or less, 

moving at least one of said male and female molds to increase said cavity clearance (t) during said supply 
of said polypropylene resin melt (8) so that the pressure on said resin melt in said mold cavity is adjusted in a 
range between 5 kg/cm 2 and 100 kg/cm 2 , 

forming a skin layer by applying a pressure of from 5 kg/cm 2 to 100 kg/cm 2 on said resin melt (8) as soon 
as said resin supply is finished, 

further increasing said cavity clearance (t) to form a foamed core layer and 

cooling the foamed article in said mold. 
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The present invention relates to a method for molding a polypropylene resin. More particularly, th 
present invention relates to a method for molding a foamed article of a polypropylene resin having good 
appearance. 

For the production of a foamed article of a thermoplastic resin, injection molding methods have been 
5 proposed (sea Japanese Patent Publication No. 22213/1964 and Japanese Patent Kokai Publication No. 
24913/1985). 

However, the above conventional processes have some drawbacks as follows: 

In the method disclosed in Japanese Patent Publication No. 22213/1964, the foaming condition in the 
step for supplying a resin melt in a mold cavity is insufficiently controlled. Then, in some cases, a part of 
io the resin is already foamed in the resin supplying step so that it is difficult to produce stably a molded 
article having no flash or silver mark on an article surface. In the method disclosed in Japanese Patent 
Kokai Publication No. 24913/1985, the apparatus for injecting a fluid or gas into the resin melt for foaming 
and the position of foaming of an article is largely limited by the position of the inlet for the liquid or gas. 
An object of the present invention is to provide a method for producing a foamed article of a 
75 polypropylene resin having good appearance. 

According to the present invention, there is provided a method for producing a foamed article of a 
polypropylene resin, which comprises steps of: 

providing a pair of male and female molds (3,4) which are slidably moved at an engaged part (5) and in 
which a cavity clearance (t) is freely set, 
20 starting supply of a melt of a polypropylene resin (8) containing a chemical blowing agent through a 
resin melt conduit (7) which is provided in one of the male and female mold when the cavity clearance (t) is 
1 .0 mm or less, 

moving at least one of the male and female molds to increase the cavity clearance (t) during the supply 
of the polypropylene resin melt (8) so that the pressure on the resin melt in the mold cavity is adjusted in a 
25 range between 5 kg/cm 2 and 1 00 kg/cm 2 , 

forming a skin layer by applying a pressure of from 5 kg/cm 2 to 100 Kg/cm 2 on the resin melt (8) as 
soon as the resin supply is finished, 

further increasing the cavity clearance (t) to form a foamed core layer and 
cooling the foamed article in the mold, 
do Fig. 1 illustrates the change of the cavity clearance (t) in the molding steps according to the present 
invention, 

Figs. 2 and 3 are cross sections of a molding apparatus used in the molding method of the present 
invention, 

Fig. 4 is a perspective view of a disc produced by the method of the present invention, and 
35 Fig. 5 is a box-shape article produced by the method of the present invention. 

Now, the present invention will be explained by making reference to the accompanying drawings. 
Fig. 2 shows a cross section of a mold to be used in the method of the present invention, which 
comprises a pair of platens 1,2, a female mold 3 attached to the upper platen 1 and a male mold 4 attached 
to the lower static platen 2. The plater 1 is connected to a hydraulic driving unit (not shown) and the female 
40 mold 3 is vertically moved. The male and female molds are slidably engaged at a part 5, and a distance 
between the male and female molds at the engaging part 5 is so small that the resin melt is not squeezed 
out through this part. The male and female molds define a cavity 6, and a cavity clearance (t) can be freely 
set by vertically moving the female mold. 

The male mold 4 has a resin melt conduit 7, one end T of which is connected to a resin supplier (not 
45 shown) which plasticizes the resin and supplies a resin melt 8 into the cavity 6. 

Fig. 3 shows a cross section of the mold of Fig. 2 just after the molding is finished and before the 
molds are opened. The numeral 8* stands for a foamed article. 

Fig. 1 illustrates molding steps of one embodiment of the method of the present invention, in which, a 
vertical axis represents a cavity clearance (t) and a horizontal axis represents a time during the molding. 
50 One embodiment of the method of the present invention will be explained by making reference to Fig. 
1. 

First, from a point A at which the male and female molds are open, the driving unit is actuated to lower 
the female mold to a point B at which the cavity clearance (t) is 1 .0 mm or less. Then, a polypropylene 
resin melt 8 containing a chemical blowing agent is supplied through the resin melt conduit 7 into the cavity 
55 6 (first step). 

After the resin melt supply is started, the female mold is lifted up to increase the cavity clearance (t) so 
that the pressure on the resin melt is maintained in the range between 5 to 100 kg/cm 2 during the supply of 
the resin melt, whereby, the resin melt is supplied all over the cavity surface (second step, between the 
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points C and D in Fig. 1 ). 

The reason why the first and second steps are carried out as above is that the foaming of the resin melt 
is suppressed in these steps. 

From the point D at which the resin melt supply is finished, a pressure of 5 to 100 kg/cm 2 is applied 
5 onto the resin melt in the cavity and kept for a certain time period to form a skin layer (third step, between 
the points D and E in Fig. 1). 

The time period for keeping the pressure between the points D and E is selected so that parts of the 
resin melt which are contacted to inner surfaces of the molds are cooled and solidified while the interior part 
of the resin melt is not solidified and is in a foamable state. Such time period is selected according to the 
io thickness of the foamed article and/or the expansion ratio. 

After the formation of the skin layer, the female mold is lifted up to increase the cavity clearance 
(between the points E and F) so that the inner part of the resin melt is blown to form a foamed core layer. 
Thereafter, the molded article is cooled to obtain a foamed article (fourth step, between the points E and G 
in Fig. 1). 

15 In his cooling step, the cavity clearance may be kept constant or may be decreased to pressurize the 
article after the foamed core layer is cooled and solidified to some extent. In particular, by pressurizing the 
foamed article after the core layer is cooled and solidified to some extent, warp of the article having a shape 
which tends to be warped is effectively prevented. 

Finally, the female mold 3 is further lifted up till the cavity clearance reaches the point H in Rg. 1 and 

20 the molded article is removed from the molds. 

In the method of the present invention, since the resin melt 8 is supplied in the mold cavity in the first 
and second steps with suppressing foaming, the skin layer is formed in the third step and only the core 
layer is foamed in the fourth step, the skin layer includes no foam and is smooth. Further, since resin melt 
flows in the mold cavity while the foaming is suppressed and then molded to form the skin layer, it is 

25 possible to produce the foamed article of polypropylene which has the surface with good gloss without 
having flash or a silver mark and further does not suffer from warp or a sink mark. 

In the above described embodiment, the upper platen is moved while the lower platen is fixed. In 
another embodiment, the upper platen is fixed and the lower platen is moved. Further, in the above 
described embodiment, the upper mold is the female mold and the lower mold is the male mold. But, the 

30 upper mold can be the male mold and the lower mold can be the female mold. 

The polypropylene resin includes not only a homopolymer of propylene but also a copolymer of 
propylene with at least one other comonomer such as ethylene Further, the polypropylene resin may 
contain other resin such as polyethylene or a thermoplastic elastomer, or a filler such as calcium carbonate 
or talc. However, the content of the polypropylene resin should be at least 50 % by weight in a composition. 

35 As the chemical blowing agent to be used in the method of the present invention, any of chemical 
blowing agents which are conventionally used to blow the polypropylene resin may be used. Examples of 
the chemical blowing agent are inorganic blowing agents (e.g. sodium bicarbonate) and organic blowing 
agents (e.g. azodicarbonamide). 

In the method of the present invention, it is possible to provide a skin material in the mold cavity and 

40 then to supply the resin melt and blow the resin melt according to the method of the present invention to 
obtain a foamed article of the polypropylene resin having the adhered skin material. As the skin material, 
any material may be used according to the object of the use of the skin material. For example, the skin 
material may be an embossed polyvinyl chloride leather lined with a fabric, or an embossed olefinic 
elastomer. 

45 The present invention will be illustrated by following Examples. 
Example 1 

As a molding resin, polypropylene (Sumitomo Noblen (trademark) AX 568, MFR 65 g/10 min. 
so manufactured by Sumitomo Chemical Co., Ltd.) containing 3 % by weight of an azodicarbonamide blowing 
agent (Cellmike MB 3062 manufactured by Sankyo Chemical Co., Ltd.) was used. 

A mold had a cavity for producing a disc shown in Fig. 4 having a diameter of 300 mm, and the disc 
was molded in the following steps. 

55 First step 

The male and female molds were closed to a cavity clearance of 0.5 mm, and the supply of the resin 
melt was started (Fig. 1, th point C). 
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Second step 

The cavity clearance was increased to 4.0 mm so as to adjust the pressure on the rein melt to 30 
kg/cm 2 during the supply of the resin melt (Fig. 1 , between the points C and D). 

5 

Third step 

After the supply of the resin melt, the pressure of 5 kg/cm 2 was applied onto the resin melt and kept at 
the same pressure for 20 seconds to form a skin layer (Fig. 1 , between the points D and E). 

10 

Fourth step 



After the formation of the skin layer, the cavity clearance was increased to 5.0 mm (Fig. 1 , between the 
points E and F) and kept at that distance for 40 seconds to form a foamed core layer, the molds were 
is cooled (Fig. 1 , between the points F and G) to obtain a disc having a thickness of 5 mm with a blow ratio of 
1.25. 

The properties of the produced disc are shown in the Table. As seen from the Table, the produce disc 
had good appearance with no warp, sink mark, flash or silver mark. 

20 Comparative Example 1 

In the same manner as in Example 1 except that, in the first step, the supply of the resin melt was 
started when the cavity clearance was 3.0 mm, a disc was molded. The surface of the disc had flashes and 
silver marks. 

25 

Comparative Example 2 

In the same manner as in Example 1 except that, in the second step, the pressure on the resin melt 
was 3 kg/cm 2 , a disc was molded. The disc had flashes and silver marks. 

30 

Comparative Example 3 

In the same manner as in Example 1 except that, in the third step, after the supply of the resin, the 
pressure was applied on the resin melt for 12 seconds (Fig. 1, between the points D and E), a disc was 
35 molded. The surface of the disc had many depressions due to sink marks. 

Example 2 

As a polypropylene resin, the same Sumitomo Noblen AX 568 as used in Example 1 was used, and 6 
40 % by weight of Dai blow PE-M 20 (AL) NK (manufactured by Dainichi Seika) was added to the resin. The 
mold had a cavity for molding a box-shape article of Fig. 5 having sizes of 400 mm x 400 mm x 20 mm, a 
height of 20 mm and a wall thickness of 2 mm. the article was molded in the following steps. 

First step 

45 

The male and female molds were closed to a cavity clearance of 0.5 mm, and the supply of the resin 
melt was started (Fig. 1 , the point C). 

Second step 

50 

The cavity clearance was increased to 1.7 mm so as to adjust the pressure on the rein melt at 50 
kg/cm 2 during the supply of the resin melt (Fig. 1, between the points C and D). 

Third step 

55 

After the supply of the resin melt, the pressure of 20 kg/cm 2 was applied onto the resin melt and kept at 
the same pressure for 2 seconds to form a skin layer (Fig. 1 , between the points D and E). 
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Fourth step 

After the formation of the skin layer, the cavity clearance was increased to 2.0 mm (Fig. 1, between the 
points E and F) and kept at that distance for 30 seconds to form a foamed core layer, the molds were 
s cooled (Fig. 1 , between the points F and G) to obtain a box-shape article having a wall thickness of 2 mm 
with a blow ratio of 1 .20. 

The properties of the produced box-shape article are shown in the Table. As seen form the Table, the 
produce article had good appearance with no warp, sink mark, flash or silver mark. 

70 Comparative Example 4 

In the same manner as in Example 2 except that, in the second step, the pressure applied on the resin 
melt during the supply of the resin melt was 120 kg/cm 2 , a box-shape article was molded. The article was 
warped. 

75 

Example 3 

A disc having a skin material on its surface was molded. As the skin material, a polyvinyl chloride 
leather lined with a woven fabric having a thickness of 0.6 mm was used. The surface of the fabric which 
20 contacted to the leather was partly embedded in the leather resin to adhere the fabric to the leather. As a 
polypropylene resin, the same Sumitomo Noblen AX 568 as used in Example 1 was used, and 6 % by 
weight of Daiblow PE-M (AL) N (manufactured by Dainichi Seika) was added to the resin. 
The disc was molded in the following steps. 

25 First step 

The skin material was placed on the male mold with the leather side facing upwards. 
The male and female molds were closed to a cavity clearance of 0.9 mm which was a difference 
between the distance (1.5 mm) between the inner surfaces of the molds and the thickness of the skin 
30 material (0.6 mn) and the supply of the resin melt was started (Fig. 1 , the point C). 

Second step 



The cavity clearance was increased to 4.0 mm so as to adjust the pressure on the rein melt to 50 
35 kg/cm 2 during the supply of the resin melt (Fig. 1 , between the points C and D). 

Third step 

After the supply of the resin malt, the pressure of 5 kg/cm 2 was applied onto the resin melt and kept at 
40 the same pressure for 20 seconds to form a skin layer (Fig. 1, between the points D and E). 

Fourth step 

After the formation of the skin layer, the actual cavity clearance was increased to 5.0 mm (Fig. 1, 
45 between the points E and F) and kept at that distance for 45 seconds to form a foamed core layer, the 
molds were cooled to obtain a disc having a thickness of 5.6 mm with a blow ratio of 1.25 and the adhered 
skin material on one surface (Fig. 1 , between the points F and G). 

The properties of the produced disc are shown in the Table. As seen from the Table, the produce disc 
had good appearance with no warp, sink mark, flash or silver mark. 

50 
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55 Claims 

1. A method for producing a foamed article of a polypropylene resin, which comprises steps of: 

providing a pair of male and female molds (3,4) which are slidably moved at an engaged part (5) 
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and in which a cavity clearance (t) is freely set, 

starting supply of a melt of a polypropylene resin (8) containing a chemical blowing agent through 
a resin melt conduit (7) which is provided in one of said male and female mold when said cavity 
clearance (t) is 1 .0 mm or less, 

moving at least one of said male and female molds to increase said cavity clearance (t) during said 
supply of said polypropylene resin melt (8) so that the pressure on said resin melt in said mold cavity 
is adjusted in a range between 5 kg/cm 2 and 100 kg/cm 2 , 

forming a skin layer by applying a pressure of from 5 kg/cm 2 to 1 00 kg/cm 2 on said resin melt (8) 
as soon as said resin supply is finished, 

further increasing said cavity clearance (t) to form a foamed core layer and 

cooling the foamed article in said mold. 

The method according to claim 1 , wherein the resin melt supply is started when said cavity clearance 
t (t) is 0.5 mm or less. 

The method according to claim 1, wherein said propylene resin is a homopolymer of propylene. 

The method according to claim 1, wherein said propylene resin is a copolymer of propylene with at 
least one other monomer. 

A foamed article of a polypropylene resin produced by the method of claim 1. 



EP 0 481 306 A1 




8 



EP 0 481 306 A1 




9 



V 1 ft 



BP 0 481 306 A1 



Fig, 4 




300 mm 4> 



Fig. 5 




10 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apelicaiku Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 91116951.4 



US - A - 3 793 415 
(SMITH) 

* Claims 1,4 * 

GB - A - 1 201 040 
(I.C.I.) 

* Claims 1,2 * 

GB - A - 1 195 404 
(I.C.I.) 

* Totality * 



The pre 



rca report I 



Relevant 
to < 



1,3,4 



CLASSIFICATION OF THE 
APPLICATION Ot. CIS) 



B 29 C 67/22 
B 29 C 45/00 
//B 29 K 23:00 



TECHNICAL FIELDS 
SEARCHED QmL CL5) 



B 29 C 



VIENNA 



Dak of coMpkllm of U 

12-02-1992 



MAYER 



CATEGORY OF CITED DOCUMENTS 

X : partlculariy relevant If takes akme 

Y : earticotarty relevant if ooaaaM whh another 

document of the same cat« 
A : technological background 

0:i 
P:l 



T : theory or principle andertyiaf 
E : earlier patent ioconent, hut •tthlbhei on, or 

after the filing date 
D : document died la the application) 

L: £ 



A : member of the s 



